The high economic growth in the past few years and increasing industrialization coupled with a burgeoning population have created a lot of concern for India's energy scenario. India's crude oil production has not shown significant growth in the last 10 or more years whereas its refining capacity has grown by more than 20% over the last 5 years. Oil consumption is growing at approximately 4.1% per year and natural gas consumption is growing at 68% per year. Therefore, evaluation performances and pushing energy companies to improve become important issues. The purpose of this research is of evaluation the performance of Indian energy industry under multiple different inputs and outputs criteria. The data envelopment analysis (DEA) and grey theory are used to conduct this study. There are total 14 public sector undertakings (PSUs) under this industry and no any private company. However, only 10 of them are mature enough to be published in India stock markets. Therefore, the realistic data of all 10 companies are used for this evaluation. The results demonstrate that Gas Authority of India Limited (GAIL), Chennai Petroleum Corporation Limited (CPCL), and Oil India Limited (OIL) are the top 3 of ranking influences. This integrated numerical study gives a better "past-present-future" insights into evaluation performance in India energy industry.
Introduction
According to Vlasblom et al. [1] , Indian economy is estimated to grow at 6.9 per cent in 2011-12 as compared to the growth rate of 8.4 per cent in 2010-11. These GDP figures are based on factor cost at constant (2004-5) prices in 2011-12. The growth rate of 6.9 per cent in GDP during 2011-12 has been due to the growth rates of over 8 per cent in the sectors of electricity, gas and water supply, trade, hotels, transport and communication, and financing, insurance, real estate, and business services.
Eichengreen and Tong [2] argue that in 2007 India's share of global output was only 2.2%. Furthermore, rapid trade growth in Asia has been supported by large investment flows. The fact that India has not made any major breakthrough in the field of renewable sources of energy, oil and, natural gas would continue to hold a place of key importance in India's economy.
van Ruijven and van Vuuren [3] said, "India has been growing at a decent rate annually and is committed to accelerating the growth momentum in the years to come. This would translate into India's energy needs growing many times in the years to come. Hence, there is an emphasized need for wider and more intensive exploration for new finds, more efficient and effective recovery, a more rational and optimally balanced global price regime-against the rather wide upward fluctuations of recent times, and a spirit of equitable common benefit in global energy cooperation. "
Performance evaluation is the important approach for enterprises to give incentive and restraint to their operators and it is also an important channel for enterprise stakeholders to get the performance information [4] . There has been numerous and successful research related to data envelopment analysis (DEA) and grey systems theory in various industries going on ranging from products to services and other important fields today. In this research, we will provide some insights after getting combined results of DEA and Grey Systems theory. Using DEA methodologies, we input some performance attributes and classify them as inputs and outputs and then use them for DEA researches. For ranking industries, we have used super SBM method and followed by MPI for measuring the productivity indexes over the 5 year time frame from March 2008 to March 2012 (latest year).
The Ministry of Petroleum and Natural Gas initiated a new plan called New Exploration Licensing Policy (NLEP). It provides an international class fiscal and contract framework for exploration and production of hydrocarbons. In the first seven rounds of NELP from 2000 to 2009, production sharing contracts (PSCs) for 203 exploration blocks have been signed. Under NELP, 70 oil and gas discoveries have been made by private/joint venture (JV) companies in 20 blocks.
The purposes of this study are to rand the companies of the petroleum and natural gas sector public sector undertakings (PSUs), Government of India using Data Envelopment Analysis (DEA) model known as "Slack-based super SMB, Output oriented, Variable returns to scale" by their efficiency score levels, performance score levels, efficiency changes, and productivity index changes over the last 5 consecutive period years (from 2008 to 2012) by means of DEA based MPI (Malmquist Productivity Index).
Literature Review
Lahiani et al. [5] mention that in modern era with the development of Indian economy and rapid expansion of trade, the small scale industrial sector has emerged as a vibrant and dynamic segment in the process of industrialization, which is considered not only as a key factor to lift up the per capita income but also as a vital mechanism for a larger transformation of Indian economy.
Nomikos and Pouliasis [6] made an article which tries to assess the utilization efficiency of capacity of Indian rubber industry in terms of econometric framework for the period 1979-80 to 2008-09. The result suggests that there has been declining growth rate of capacity utilization in rubber industry of India during the postreforms period accompanied by declining output growth as well as capacity growth.
Cooper et al. [7] expanded Farrell [8, 9] efficiency measurement concept of multiple inputs and single output to the concept of multiple inputs and multiple outputs, utilized linear combination to convert it to single virtual input and output, estimated efficiency frontier from the ratio of two linear combinations, and measured the relative efficiency of each DMU in CRS, which is between 0 and 1 and can determine whether a DMU is inconstant, increasing or decreasing returns to scale.
Lai and Wei [10] recently have developed a process, based on data envelopment analysis (DEA) to evaluate and rank the relative importance of key performance indices (KPIs). The relative importance of each KPI is evaluated by performance loss measure, and each KPI is weighted according to the measure. Then, the relative performance of each unit is the ratio of weighted output to weighted input based on the common weights.
The super SBM model is adopted by Lo and Lu [11] and they have argued the reasons for using super SMB models. According to them, in contrast to the CCR and BCC measures, which are based on the proportional reduction in input vectors or the increase in output vectors without taking slacks into account, the SBM deals directly with input excesses and output shortfalls (slacks). The SBM reports an efficiency measure between 0 and 1 and gives an efficiency score of one if and only if the DMU concerned is on the frontier of the production possibility set with no input/output slacks. Furthermore, the SBM model possesses several desirable properties that can properly handle our research interests. For instance, this measure is unit invariant and monotone decreasing with respect to input excesses and output shortfalls; it is determined only by consulting the reference set of the DMUs and is not affected by statistics over the whole data set, and it is closely connected with other measures, for example, those in the CCR and BCC models and the Russell measure. On the other hand, the super efficiency SBM is particularly useful in distinguishing efficient DMUs when the number of DMUs is small compared with the number of evaluation criteria. Liu et al. [12] have studied the power generation efficiency of major thermal power plants in Taiwan The problem of measuring productive efficiency of an industry is very important to both economic theorist and a policy maker [8] .
Methodology

Data Collection.
The sample of this study is collected from a market observation posting website in India. This website contains the detailed stock market data of major stock markets like Bombay Stock Exchange (BSE) and National Stock Exchange (NSE). The realistic financial data collected in our study is taken from getting into the individual companies after making sure that they were listed in either of 2 major stock exchanges of India. So in our study, we have probed the required financial statements and the corresponding Evaluation attributes (total assets, total expenses, employee cost, total income, and operating profit were taken for this study) are collected and tabled for data analysis.
Even though there are 14 companies of this industrial segment directly under the control of Government of India, some of them have not been listed on either of the major stock exchanges like Bombay Stock Exchange (BSE) and National Stock Exchange (NSE). Therefore, this study skips those unlisted companies for our study consideration. The final selected companies taken for this research, the type of Industry, or business they are involved in and their stock exchange index numbers are listed in the following table. These following alphabetical order (Table 1 ) of 10 companies were named DMU1 to DMU10 accordingly. We follow this naming scheme on these companies throughout this study. We follow the same naming scheme even while applying the grey systems theory methods just for the sake of convenience.
According to Ittner and Larcker [13] , Five factors, total assets, total expenses, employee cost, total income, and operating profit, are considered as the key financial indicators directly contributing to the performance of the industry. 
DEA and Nonradial Super Efficiency Model (Super SBM).
DEA was first proposed in 1978 by Charnes, Cooper, and Rhodes, (CCR) and is based on the technical efficiency measurement theories proposed by Farrell [8] , using mathematical programming methods to measure the productivity boundaries of the unit to be evaluated and calculate the relative efficiency of each individual unit. Since the formal definition of the method, several scholars have proposed revisions to the theory and expansions of its application.
In pervious study, the technical efficiency change component of Malmquist productivity index is calculated by CCR score for the two periods. Because the CCR score is a radical measure, it takes no account of slacks. Instead of a radial based model, we now use the slacks based (nonradial) measure of superefficiency model to calculate technical efficiency change. The model takes account of slacks, and it has more accurate measurement.
In this study, a DEA model "Slacks-based measure of super efficiency" was used. This model was developed on "Slacks-based measure of efficiency" (SBM) introduced by Tone [14] . In this model with DMUs with the input and output matrices = ( ) ∈ × and = ( ) ∈ × , respectively. is a nonnegative vector in . The vectors − ∈ and + ∈ indicate the input excess and output shortfall, respectively. SBM model in fractional form is as follows [14] :
Let an optimal solution for SBM be (
This condition is equivalent to − * = 0 and + * = 0, no input excesses and no output shortfalls in any optimal solution. SBM is nonradial and deals with input/output slacks directly. The SBM returns and efficiency measure between 0 and 1.
The best performers have the full efficient status denoted by unity. Tone [15] 
As in many DEA models, it is crucial to consider how to deal with negative outputs in the evaluation of efficiency in SBM models too. However, negative data should have their duly role in measuring efficiency; hence, a new scheme was introduced in DEA-Solver pro 4.1 Manuel and the scheme was changed as follows.
Let us suppose 0 ≤ 0. It is defined + and
If the output has no positive elements, then it is defined as + = + − = 1. The term is replaced + / 0 in the objective function in the following way. The value 0 is never changed in the constraints.
(1) + = + − = 1, and the term is replaced by
(2) Consider
where is a large positive number, (in DEA-Solver = 100).
In any case, the denominator is positive and strictly less than + − . Furthermore, it is inverse proportion to the distance + − 0 . This scheme, therefore, concerns the magnitude of the nonpositive output positively. The score obtained is units invariant; that is, it is independent of the units of measurement used.
Malmquist Productivity Index (MPI).
Malmquist productivity index of productivity change is a multiplicative composite of efficiency and technical change as the major cause of productivity improvements can be ascertained by comparing the values of the efficiency change and technique change indexes. Put differently, the productivity losses described can be the result of either efficiency declines, or technique regresses, or both.
The output based Malmquist productivity index is defined as follows [16] :
where is a distance function measuring the efficiency of conversion of inputs to outputs in the period . (Note that DEA efficiency is considered a distance measure in the literature as it reflects the efficiency of converting inputs to outputs [17] .) Importantly, if there is a technical change in period , then ( , ) = Efficiency of conversion of input in period to output in period ̸ = ( , ) .
(7)
Malmquist productivity index is a geometric average of the efficiency and technical changes in the two periods being considered. Following Grosskopf et al. [17] , the Malmquist productivity index in (3.15) in [17] can thus be written as 
Malmquist productivity indices were used to estimate changes in the overall productivity of each pharmaceutical company over time. MPI > 1 means that productivity increases; MPI = 1 means that productivity does not change; MPI < 1 indicates that productivity decreases.
Efficiency change is called "catch-up effect" and the efficiency change term relates to the degree to which a DMU improves or worsens its efficiency. Efficiency change >1 indicates progress in relative efficiency from period to , while efficiency change = 1 and efficiency change <1, respectively, indicate no change and regress in efficiency.
Technical change is called "frontier-shift effect" (or innovation effect). The technical change term reflects the change in the efficient frontiers between the two time periods. Technical change >1 stands for technical progress; technical change <1 shows technical regress.
Empirical Result and Analysis
This study utilizes the realistic financial data collected from market observation system for methodology implementation. The latest data was applied for DEA super SBM model. Meanwhile, the least 5 year data was applied for methodology implementation of Malmquist index model as these methods have different purposes on their respective analysis perspectives. Table 2 specifies the real market data for all companies (DMU's) for the last year listing data of March 2012. This data will give the clear idea on initial data and its diversity in nature and it also clearly gives a picture on the nature of the data. Table 3 shows the basic statistical information of the input and output data. This would justify reason that the data can be applicable to basic statistical methods. Table 4 indicates that both input and output variables are positively correlated even with minor correlation existing between employee costs and operating profit against total expenses indicated as 0.319025867 and 0.288662319, respectively. From these results, we can justify the reason for why we use these indicators for DEA methodologies. The correlation is also very significant which will affect the performance.
The DEA super SBM model evaluates the efficiency scores as Table 5 . It clearly indicates that the DMU 3 has inefficient score of 0.3727601 while the other 9 DMUs have efficiency scores of 1 or more. This means that DMU 3 (Chennai Petroleum Corporation) is considered as inefficient after this analysis. Table 6 indicates that there is an only one inefficient DMU, DMU3, is become in-efficient after DEA adaptation. This clearly indicates that super SBM can distinguish all DMUs with significant differences on their scoring. Table 7 shows the DEA efficiency scores for the last 5 years data and ranking of DMUs by their scores. This indicates that the ranking of the industries is tending to change in a very slight manner on yearly basis. However, majority of these companies are maintaining their "efficient" levels even after yearly changes on their financial nature. Table 8 shows the "efficiency change" of the industries over the year periods of time interval. This reveals that the efficiency changes are not so consistent due to that their nature of their financial management is not really consistently improving or not consistently outperforming DMU over the time yearly frame. innovation effect inconsistently. This is almost like the same effect in the previous "efficiency change" level. Notably, all the companies (DMUs) have very close efficiency scores except some abrupt changes on DMU 10's efficiency over the beginning years. Table 10 and Figure 3 are showing the Malmquist Productivity Index (MPI) scores and their changes on a yearly basis. Say for instance, the MPI scores of DMU 4, DMU 5, and DMU 8 are getting better from March 2008 to March 2009. But DMU 1, DMU 7, DMU 8 have also increased their MPI scores but very slightly. And the DMU 2, DMU 3, DMU 6, DMU 9, and DMU 10 have shown a decrement of their productivity index scores.
Conclusions and Discussions
The ranking of super SBM model shows the order of performance scores from ONGC in the top position followed by MRPL, IOCL, and GAIL. The lower to higher scores of DEA scoring order will lie as CPCL, Balmer Lawrie & Refineries Limited, EIL, BPCL, and HPCL. It also shows that CPCL is inefficient DMU, so that it needs a very serious improvement action. Since super SBM model can distinguish the ranking of all DMUs, we would derive a clear decision for improving the performance of less efficiency scored DMUs.
After applying MPI methodology to our data set and calculating the efficiency scores, we have found that all companies in the industry have not shown many abrupt changes on their scores and it is always not consistently good or consistently standing out. So it means that there are not many changes happening on Indian stock markets even with financial crisis in a broad context.
This study provides many significant and noticeable results after applying each methodology for making necessary decisions on the respective concerns. This completed and integrated numerical study gives us better insights through the integration method as it minimizes the methodology limitation problems. It gives better insights in terms of understanding the impact of global economic recession and its consequences in India as it is a core industry of the economy. This also makes this research as a considerable study for global economic outlook planners and researchers.
We suggest that this work could be used as a better model for performance analysis among the decision makers of varied industries. However, the completely integrated performance analysis model needs a detailed reevaluation in terms of the type of Industry that it can be applied to, the nature of the input data, adoptability of data for each method, applicability of each method, and so on. The future directions can also be suggested for including or avoiding different methodologies in this completely integrated model.
